pregnancy outcomes among women with OUD have been reported to be between two and six times higher than those in the general population. 6, 7, 10, 11 The primary goal of treatment of OUD during pregnancy is stabilization of the mother. 12 The recommended approach to management of OUD in pregnant women includes psychosocial support and obstetric care plus long-acting opioid agonist medication-assisted treatment (OMAT). 12, 13 For more than 40 years, OMAT with methadone has been the standard treatment for opioid-dependent pregnant women. In the late 1990s, buprenorphine was introduced as an OMAT and has been prescribed for OUD in Sweden since 1999. 14 The available clinical literature suggests that methadone and buprenorphine have similar efficacies in reducing heroin use by pregnant women with OUD. 15, 16 A number of studies have compared treatment with methadone to buprenorphine and found no significant differences in several pregnancy outcomes, such as fetal death, [16] [17] [18] [19] [20] [21] preterm birth, [15] [16] [17] 19, 20, [22] [23] [24] low birth weight, 19, 24 infants SGA, 18, 19, 21 and intrauterine growth restriction. 20, 22 Some investigators have reported higher birth weight in infants with in utero exposure to buprenorphine versus methadone. 23, 24 Placental transfer of buprenorphine may be lower than methadone, possibly reducing fetal exposure and development of NAS. 25 The largest randomized controlled trial to date demonstrated less severe NAS in infants with in utero exposure to buprenorphine as compared to methadone, with buprenorphine-exposed infants requiring significantly less morphine and having shorter lengths of hospital stays. 18 A study using a linked population-based data source from Denmark demonstrated that while both buprenorphine-and methadone-treated women had higher frequencies of some adverse pregnancy outcomes compared to the general population, the prevalence of preterm birth and low birth weight was lower in infants with in utero exposure to buprenorphine as compared to methadone. 26 As part of the corporate postmarketing surveillance plan for buprenorphine, data from the Swedish Medical Birth Register (SMBR) and linked health-care databases were used to describe selected birth outcomes observed in women treated with buprenorphine or methadone during pregnancy in comparison to the general population in Sweden.
Methods study population. Pregnant women and their corresponding births between 2005 and 2011 were identified from the SMBR, a repository of medical records-based information on approximately 99% of all births in Sweden. 27 The SMBR originated in 1973 in order to collect information on maternal, obstetric, and neonatal factors. 27, 28 Data on the SMBR were collected prospectively and in a standardized manner during antenatal care visits at maternal health-care centers and during and after delivery. Data on antenatal care and deliveries in the SMBR are relatively complete as antenatal care in Sweden is publicly funded with almost all pregnant women participating and almost all deliveries occurring in hospitals. 27, 28 Only drugs prescribed during pregnancy at maternal health-care centers or departments of obstetrics were recorded in the SMBR. Information on maternal characteristics, including other prescription drug exposure during pregnancy, pregnancy outcomes, birth outcomes, and infant diagnoses, was obtained by linking the unique SMBR Personal Identification Number with the Prescribed Drug Register (PDR), the nationwide Cause of Death Register (CDR), and the Patient Register (PAR). The PDR contained data on dispensed prescription drugs as classified by the Anatomical Therapeutic Chemical system, including brand name, formulation, amount dispensed, dosage, and dates of prescription and dispensing. The CDR contained underlying and contributing causes of death and date of death. The PAR contained individual-level dates of hospital admission, discharge, and outpatient visits and discharge diagnoses, classified according to the International Classification of Disease, 10th revision (ICD-10). 27 Treatment was defined as filling one or more prescriptions from three months before pregnancy until delivery. In this analysis, treatment information pertaining to the use of either buprenorphine, in the form of buprenorphine alone or in combination with naloxone, or methadone was obtained from the SMBR and PDR. Data for the abuse-deterrent combination of naloxone with buprenorphine were analyzed with buprenorphine alone because 36 of the 37 women who filled a prescription for the combination product also filled for buprenorphine alone. In addition, oral naloxone has very low bioavailability (∼3%). 29 Maternal treatment with other prescribed drugs during pregnancy was abstracted herein only for infants with congenital malformations.
Information on maternal characteristics of age, parity, smoking, viral hepatitis, cohabitation status, and gestational timing of the first antenatal visit was obtained from the SMBR. In the SMBR, gestational age was based on ultrasound measurement, generally performed at gestational weeks [16] [17] [18] . More than 95% of all deliveries in Sweden had an estimated day of delivery by ultrasound. For the few women not examined with ultrasound, the last menstrual period was used to estimate gestational age.
Maternal characteristics. Maternal age was categorized by year in the following age strata: 13-19, 20-24, 25-29, 30-34 , and more than 35 years. Parity was categorized as first pregnancy (nulliparous) or more than one pregnancy (multiparous). Maternal self-reported current cigarette smoking status was categorized as nonsmoker, smoking 1-9 cigarettes daily, or smoking more than 10 cigarettes per day. Data concerning maternal infection with viral hepatitis (B, C, and D) were obtained from diagnoses recorded in the maternal healthcare records during pregnancy and forwarded to the SMBR when the mother was discharged from the delivery hospital. Cohabitation was examined by querying whether the woman was living with a partner at the time of the first antenatal health-care visit. Information on previous adverse pregnancy outcomes of stillbirth, malformations, preterm birth, SGA and cesarean section (C-section) was obtained from the SMBR. Data on previous neonatal care were obtained from the SMBR and PAR. outcome definitions. Pregnancy and birth characteristics included infant gender and mode of delivery (vaginal or C-section, with C-section classified as elective or acute). Preterm birth was defined as live birth before 37 completed weeks of gestation, and very preterm was live birth before 32 completed weeks of gestation. SGA was defined as birth weight values below two standard deviations of the expected birth weight for gestational age and sex according to intrauterine growth curves of ultrasonically estimated fetal weights. 30 Apgar scores recorded at five minutes of age were obtained from the SMBR. NAS was defined by an ICD-10 code P96.1 at discharge of the infant from the delivery hospital and includes abstinence syndromes related to opioids as well as other illicit substances or certain prescribed drugs. Stillbirths registered in the SMBR through 2007 were defined as occurring at or after gestational week 28, and in 2008 and beyond changed to gestational week 22 or later. Information on neonatal and infant death (one-year mortality) was obtained by linkage to the CDR. Information on congenital malformations was based on neonatal diagnoses at discharge from the SMBR and also from the PAR through the first year of life. statistical methods. Maternal characteristics and previous pregnancy outcomes were compared using two-sided Fisher's exact tests. Variables were dichotomized based on qualitative differences and well-established clinical categories that are predictive of prognosis. The frequency of adverse birth outcomes of interest was calculated using the number of pregnancies or infants with the event of interest as the numerator and the number of infants (deliveries) within each exposure cohort as the denominator. Unadjusted relative risks [prevalence ratios (PRs)] were used as measures of effect. Multifetal pregnancies were not considered in any of the analyses. Unadjusted estimates with 95% confidence intervals (CIs) were calculated for each exposure in comparison to the general population for each outcome of interest. Analyses were performed using R base and epiR packages. 31, 32 This research complied with the principles of the Declaration of Helsinki.
results
During the study period of 2005-2011, a total of 746,257 pregnancies among 538,178 unique women were registered in the SMBR and resulted in 746,485 live births. A total of 194 women were treated with buprenorphine or methadone during pregnancy and gave birth to a total of 228 infants during the study period, of which 176 infants were buprenorphine exposed and 52 infants were methadone exposed. Trimester of use was further examined in a selected sample of women exposed to the combination of buprenorphine product. Among those women, 89% (n = 33) of women had records for buprenorphine prior to pregnancy and in at least one of the three trimesters, and 30% of these (n = 10) had a record every trimester. Only two of the women had a record of buprenorphine only prior to pregnancy. Two women did not have a record prior to pregnancy but had records during pregnancy.
The distribution of maternal age was statistically significantly different among the general population and women treated with buprenorphine (P = 0.041) or methadone (P = 0.008) ( Table 1) . Women treated with methadone were older than women treated with buprenorphine (P = 0.001) or the general population (P = 0.008). There was a significantly greater frequency of smokers among those treated with buprenorphine (P = 0.001) or methadone (P = 0.001) as compared to the general population. However, the proportion of smokers was not significantly different between the buprenorphine and methadone groups. Women treated with buprenorphine or methadone during pregnancy were more likely to begin prenatal care after gestational week 15 and be positive for viral hepatitis B, C, or D and were less likely to cohabitate with the father of the infant as compared to the general population. The onset of prenatal care, cohabitation, and hepatitis status were similar between women treated with buprenorphine or methadone (Table 1) .
Parity was not significantly different among the three groups. Among the 416,680 women who had a previous pregnancy, the frequencies of previous C-sections, stillbirths, and malformations did not differ significantly among the treated groups and general population (Table 1) . Women treated with buprenorphine were more likely than the general population to have had an infant SGA (P = 0.005) but not more likely than women treated with methadone. Women treated with methadone were more likely than the general population to have had a previous preterm birth (P = 0.027) but not more likely than women treated with buprenorphine. Women treated with buprenorphine (P = 0.001) or methadone (P = 0.027) during pregnancy were more likely than the general population to have had an infant requiring neonatal care for longer than four weeks (Table 1) .
No stillbirths, neonatal deaths, or deaths within the first year of life occurred among the infants born to mothers treated with buprenorphine or methadone. Although the frequencies of C-section, preterm birth, low birth weight, infants SGA, and lower Apgar scores were higher among women treated with buprenorphine compared to the general population, the differences were not statistically significant (Table 2) . Women treated with methadone were approximately two times more likely than the general population to have a C-section (mostly elective) [PR = 1.94 (95% CI = 1.34-2.82)] or preterm birth [PR = 2.21 (95% CI = 1.11-4.41)] ( Table 2 ). The frequencies of low birth weight, infant SGA, and lower Apgar scores were higher among women treated with methadone compared to the general population, but they were not statistically significantly different. NAS developed in 23.3% (95% CI = 17.4-30.4) of infants born to mothers treated with buprenorphine and 38.5% (95% CI = 25.6-53.0) of infants born to mothers treated with methadone ( Table 2) .
The frequency of infants with any congenital malformation or a major malformation alone was not statistically significantly different in women treated with buprenorphine compared to the general population. Conversely, women treated with methadone were two times more likely than the general population to have an infant with any congenital malformation [PR = 2.05 (95% CI = 1.08-3.87)] or major malformation alone [PR = 2.51 (95% CI = 1.18-5.32)] ( Table 2) . At least one congenital malformation was reported in 10 of the 176 pregnancies treated with buprenorphine (5.7%) and 8 of the 52 with methadone exposure (15.4%) ( Table 3) . Of the 10 buprenorphine-treated mothers of affected infants, 1 was 35 years or older at delivery and 5 were 30-34 years old. Of the eight methadone-treated mothers of affected infants, six were 35 years or older at delivery, and two were 30-34 years old. Congenital malformations of the cardiovascular system comprised 50% of all malformations in infants of mothers treated with buprenorphine (2.8% of the total number of infants of mother treated with buprenorphine) and 38% of those treated with methadone (5.7% of the total number of infants treated with methadone) (Table 3) . No infants had congenital malformations of the nervous or digestive systems. Overall, a consistent pattern of clustering of malformations by organ system was not observed within or between the buprenorphine and methadone groups. The majority (94%) of mothers of infants with congenital malformations were prescribed drugs other than buprenorphine or methadone during pregnancy, including sedatives, antidepressants, antipsychotics, antibiotics, antihistamines, and analgesics that included other opioids.
discussion
This population-based, linked health-care database analysis did not identify any of the selected adverse birth outcomes as occurring with statistically significantly greater frequency in pregnant women treated with buprenorphine as compared to the general population of Sweden, except for NAS. However, the results of this preliminary, descriptive analysis suggested that maternal use of methadone may be associated with a significantly higher frequency of preterm birth and congenital malformations, as well as NAS. The results of this Swedish c From three months before and during pregnancy, 139 women were treated with buprenorphine only, 36 women were treated with buprenorphine and buprenorphine/naloxone, and 1 woman was treated with buprenorphine/naloxone only. study are consistent with those from a population-based registry in Denmark (1997-2011) that also found a significantly higher frequency of NAS with buprenorphine or methadone exposure in utero, as well as a greater frequency of preterm birth and congenital malformations in methadonetreated pregnancies as compared to the opioid-unexposed general population. 26 As in the current study, the Danish study cited above showed an increased frequency of SGA with buprenorphine treatment, but this was not statistically significantly different from the general population in the current study. The Danish study also found that women treated with buprenorphine and methadone were 2.6-fold and 3.7-fold as likely, respectively, to have a preterm birth, whereas the current analysis showed only a statistically significant relationship for methadone. Although the frequency of low birth weight was numerically elevated in the current study for infants exposed in utero to methadone, it was not a statistically significant difference as was observed in the Danish study. In that study, the prevalence of preterm birth and congenital malformations remained statistically significantly higher for methadone but not for buprenorphine when results were stratified by maternal smoking status.
Similar to the current study, Norgaard et al. 26 observed a greater frequency of current cigarette smokers among the pregnant women treated with buprenorphine and methadone as compared to the general population. In this Swedish study, the prevalence of smoking was not statistically different between the buprenorphine and methadone groups, but in the Danish study, the prevalence of smoking was greater in the methadone group. 26 Smoking may have contributed to some of the increased frequencies of adverse birth outcomes observed in the current study. Smoking has been shown to increase adverse birth outcomes, particularly SGA and preterm birth, 33 and women with OUD were more likely to be smokers. 34 While smoking was not adjusted for in the current analysis, results from the Danish study indicated that adjusting for smoking explained only a small portion of the outcome relationships observed with methadone.
Differences in maternal age could account for some of the differences in adverse birth outcomes observed between the general population and the treated groups. Women treated with buprenorphine were, on average, younger than those in the methadone group. Duration of OUD was not available to analyze in this study, but previous studies have reported longer duration of OUD in methadone-treated pregnant women as compared to those treated with buprenorphine. 19 Older maternal age is a risk factor for adverse birth outcomes, such as congenital malformations, SGA, C-section, preterm birth, and low Apgar scores. 35, 36 The higher proportion of women aged more than 35 years treated with methadone could account for some of the increased frequencies of congenital malformations, C-section, and preterm birth observed as compared to buprenorphine-treated women and the general population.
There was no consistent pattern in the distribution of malformations by organ system observed in this study, which is similar to other studies that assessed malformations in infants of women treated with buprenorphine and methadone. 20, 21, 24 Some of the malformations observed in this study were also observed in other studies. In a retrospective cohort study of 609 women treated with buprenorphine or methadone, two infants had congenital malformations, a cleft palate with exposure to buprenorphine, and an absent hand with exposure to methadone. 21 The significantly higher frequency of infants with any congenital malformation among Swedish women treated with methadone compared to the general Swedish population was consistent with two other studies that demonstrated a significant elevation in congenital malformations with methadone treatment. 26, 37 In a population-based study of 114 infants exposed to methadone in utero in Ireland, three infants were malformed, one each with cardiovascular malformation, trigonocephaly, and congenital melanocytic nevus. 37 In the Danish population-based study, atrial and ventricular septal defects accounted for almost one-third of the congenital malformations observed. 26 While cardiovascular malformations are among the most common types of malformation in the general population, the frequencies observed for buprenorphine (2.8%) and methadone (5.7%) in this Swedish analysis were higher than would be expected compared to population-based rates using European Surveillance of Congenital Anomalies data (0.72%) and other published population-based studies in Sweden (0.14%). 38 The high proportion of cardiovascular malformations may be related to factors other than treatment with buprenorphine or methadone. OUD itself may be an independent risk factor for cardiovascular malformations, as results from a retrospective cohort study of 85 women who abused illicit drugs demonstrated that 71% (5/7) of the fetal malformations observed were cardiovascular. 7 Additionally, in the current Swedish study, 94% of the women were treated during pregnancy with other prescription drugs, including antidepressants and antipsychotics, some of which have been associated with cardiovascular malformations. 39, 40 Finally, older maternal age is a risk factor for fetal cardiovascular malformations 41 and could explain some of the high proportion of cardiovascular malformations as the majority of methadone-treated women (6/8) with an affected infant were over 35 years.
The finding that NAS developed less frequently in infants born to mothers treated with buprenorphine as compared to infants of mothers taking methadone was consistent with other published studies, although no direct comparison was made and the confidence intervals overlap. 18, 19, 23, 42 The frequency of NAS was also generally consistent with other studies in which the NAS frequency ranged between 26% and 77%. 15, [42] [43] [44] Although this study was based on a large populationbased sample for which information was obtained by interviews in early pregnancy and linked national health register data, the results of this preliminary analysis must be viewed in the context of the study limitations. First, the sample sizes of the groups treated with buprenorphine and methadone in this analysis were relatively small. Statistical comparisons of birth outcomes by maternal treatment with buprenorphine or methadone were not performed, as the statistical power was low when comparing across groups. The sample size limited the ability to perform rigorous multivariate analyses, and hence thorough examination of available confounding factors within this dataset was not possible. The unadjusted effect size is often biased (artificially high) as a result of confounding and will decrease when measured confounders are adjusted for, although potential residual confounding from unmeasured or unknown confounders may remain. The absence of information on several relevant confounding factors also limited the interpretation of the data. Second, the data used in this analysis did not allow for differentiation between buprenorphine and methadone prescribed for analgesia and for OMAT. Women prescribed OMAT for OUD may have different risk factors for adverse birth outcomes than women prescribed opioids for analgesia. Potential confounding could also occur in assessing adverse outcomes of buprenorphine compared to methadone because maternal characteristics that influence the choice of OMAT may also affect pregnancy outcomes. For example, differences in the severity of maternal opioid dependence and maternal social conditions that may influence clinical prescribing could not be accounted for in this analysis. Finally, in addition to differences in lifestyle factors and severity of maternal opioid dependence among the buprenorphine and methadone groups, additional factors that could not be examined in this analysis may have influenced study findings. In previous studies, women receiving methadone as compared to buprenorphine reported greater use of other illicit substances including cannabis, heroin, and cocaine 20 as well as other prescription drugs like benzodiazepines and amphetamines 45 that could not be examined in this study. Employment status was another factor that has been demonstrated to differ among methadone and buprenorphine users that could not be measured here. 45 
conclusions
This population-based, linked health-care database analysis did not identify any of the selected adverse birth outcomes with statistically significant greater frequency in pregnant women treated with buprenorphine as compared to the general population of Sweden, except for NAS. The results of this preliminary descriptive analysis suggested that maternal use of methadone may be associated with a significantly higher frequency of preterm birth and congenital malformations as well as NAS. However, differences also may be partly explained by older average maternal age in the methadone group and differences in other confounders between the treatment groups and the general population, such as a higher proportion of cigarette smokers, delayed onset of prenatal care, lifestyle factors, and other unmeasured confounders, eg, exposure to other substances of abuse (including illicit opioids) and medications during pregnancy. As more exposure data are accumulated, additional analyses should be conducted that include adjustment for possible confounders using multi variable modeling approaches, as statistically appropriate for the sample size available, to confirm these findings.
